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Abstract 
A tidal bore is a series of waves propagating upstream as the tidal flow turns to rising. It forms during spring 
tide conditions when the tidal range exceeds 4 to 6 m and the flood tide is confined to a narrow funnelled 
estuary. The existence is based upon a fragile hydrodynamic balance between the tidal amplitude, the 
freshwater river flow conditions and the river channel bathymetry, and it is shown that this balance may be 
easily disturbed by changes in boundary conditions and freshwater inflow. This book demystifies the physics 
of a tidal bore and it documents thoroughly the tidal bores on our Planet with reliable and accurate 
informations. It aims to share a passion for a beautiful, but fragile geophysical process and it is supported by 
over 190 illustrations and photographs. 
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List of symbols 
The following symbols are used in this report: 
A flow cross-section area (m2) measured normal to the velocity; 
aw wave amplitude (m); 
B free-surface width (m); 
C celerity (m/s) of a small disturbance: C = dg  ; 
DH hydraulic diameter (m) or equivalent pipe diameter: DH = 4A/Pw; 
d water depth (m) measured normal to the invert; 
dc critical flow depth (m); 
dmax first wave crest elevation (m) above the river bed; 
d1 water depth (m) before the tidal bore arrival; 
d2 water depth (m) immediately after the tidal bore passage; 
E specific energy (m); 
Fr Froude number defined as: Fr = dg/)UV(  ; 
Fr1 bore Froude number defined as: Fr1 = 11 dg/)UV(  ; 
f frequency (Hz); 
g gravity acceleration (m/s2): g = 9.81 m/s2 in Europe; 
Hb breaker height (m); 
L bubble cloud length (m); 
Lw wave length (m); 
M momentum function (m2); 
P pressure (Pa); 
Pw wetter perimeter (m); 
q discharge per unit width (m); 
R bubble radius (m); 
Sf friction slope defined as the slope of the total head line; 
So bed slope: So = sin; 
T tidal period (s); 
t time (s); 
 Note: all given times are local times, with daylight saving between the last week-end of March 
and the last week-end of October in Europe typically; 
U tidal bore celerity (m/s) for an observer standing on the bank, positive upstream; 
V velocity (m/s) positive downstream; 
Vs surfer speed (m/s); 
Vx longitudinal velocity component (m/s) positive downstream; 
Vy vertical velocity component (m/s) positive upwards; 
Vz horizontal transverse velocity component (m/s); 
V1 flow velocity (m/s) before the tidal bore arrival; 
V2 flow velocity (m/s) immediately after the tidal bore passage; 
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V  depth-averaged velocity (m/s); 
x longitudinal co-ordinate (m); 
xs location (m) of the tidal bore front; 
 void fraction: 0    1 with  = 0 in pure water and  = 1 in air; 
 momentum correction coefficient, also called Boussinesq coefficient, defined as: 
 
AV
dAV
2
A
2
x




 
 polytropic index; 
 angle between the river bed and the horizontal; 
 water density (kg/m3); 
 stream function (m2/s); 
 
Subscript 
o initial flow conditions; 
s tidal bore location; 
x longitudinal direction positive downstream; 
y vertical direction positive upwards; 
z horizontal transverse direction positive towards the right bank; 
1 initial flow conditions, before the tidal bore arrival; 
2 new flow conditions, immediately after the tidal bore passage; 
 
Abbreviations 
D/S downstream; 
U/S upstream. 
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Préface 
Tidal Bores, Aegir, Eagre, Mascaret, Pororoca: what's all about it? A tidal bore is a surge of waters 
propagating upstream as the tidal flow turns to rising and the flood tide rushes into a funnel shaped river 
mouth (Fig. aa). The bore forms during the spring tides when the tidal range exceeds 4 to 6 m and the rising 
tide waters are confined to the narrow funnelled estuary. It is estimated worldwide that over 400 estuaries are 
affected by a tidal bore, on all continents but Antarctica. A bore is a discontinuity of the water depth and it 
represents a hydrodynamic shock. The tidal bores have a significant impact on the environmental system and 
the ecology of the river mouth. Recent studies demonstrated in particular the significant impact of small tidal 
bores and of non-breaking undular surges on natural channels. Surprisingly, the tidal bore remains a 
challenging research topic to theoreticians, and many hydrodynamic features remain unexplained. 
The existence of a tidal bore is based upon a fragile hydrodynamic balance between the tidal flow range, the 
freshwater river flow conditions and the channel bathymetry. Some simple theoretical considerations show 
that this balance may be too easily disturbed by changes in boundary conditions and freshwater inflow. For 
examples, a number of tidal bores disappeared because of river training, dredging and damming. Man-made 
interventions led to the loss of several bores with often adverse impacts onto the eco-system: e.g., the 
mascaret of the Seine River (France) no longer exists after extensive training works and dredging; the 
Colorado River bore (Mexico) is drastically smaller after dredging. Although the fluvial traffic gained in 
safety in some case, the ecology of estuarine zones were adversely affected. The tidal bores of the Colorado 
(Mexico), Couesnon (France) and Petitcodiac (Canada) Rivers almost disappeared after construction of 
upstream barrage(s). At Petitcodiac, this yielded the elimination of several native fish species. The proposed 
construction of the Severn Barrage in UK is a major threat to one of the best documented tidal bores: the 
Severn River bore. 
Herein the author aims to share his enthusiasm and passion for the tidal bores by documenting numerous 
tidal bores on our Planet. More than 160 photographs are presented and documented. After a brief 
introduction, some basic theoretical considerations are developed (section 2). Then the major tidal bores in 
our Planet's continents are introduced (section 3). The rumble noise of tidal bores is discussed (section 4). 
The turbulence and turbulent mixing induced by a tidal bore are documented (section 5) before the 
interactions between tidal bores and mankind are discussed (section 6). The book is supported by several 
appendices including a reliable reference list of tidal bores, with all information on each tidal bore double-
checked by independent, reliable reports (App. A), a technical appendix on undular tidal bores (App. B), 
some comments of tidal bore surfers (App. C) and a glossary of technical terms (App. D), followed by a list 
of bibliographic, Internet and audio-visual references. 
The book aims to bridge the gap between the general knowledge and scientific expertise on tidal bores. The 
general readership would be interested to read first the sections 1, 3, 4 and 6, while the sections 2 and 5 
would provide these readers with more scientific data. The scientific readership would start first with the 
sections 1, 2, 4, and 5, and these readers would find some relevant illustrations the section 3 and some 
discussion in section 6. 
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(A) Tidal bore of Sée/Sélune River in the Baie du Mont Saint Michel (France) downstream of Pointe du 
Grouin du Sud on 19 October 2008 at 09:31:09 - Bore propagation from right to left with Mont Saint Michel 
in the background 
 
(B) Incoming tidal bore of River Parrett at Bridgewater (UK) - Note the spectators on the bridge 
Fig. aa - Photographs of tidal bores 
